with the low level of GluR5 mRNA expression observed in these cells (Tö lle et al., 1993), we found that ATPA had varying effects on mIPSC frequency, inducing only minor changes in mIPSC frequency in six of ten relow-Cl Ϫ pipette solution. In these conditions, mIPSCs appeared as outward currents at a background frecordings (95% Ϯ 14% of the control value; p ϭ 0.39) and a significant increase in the other four (860% Ϯ quency of 3.8 Ϯ 0.4 s Ϫ1 (n ϭ 85). Upon application of KA (10 M), this frequency increased to 850% Ϯ 100% 400%; p ϭ 0.029). Because each recording sampled the effect of an agonist on axon terminals from many of the control value (n ϭ 85; p Ͻ 0.001) during the first four seconds of the exposure ( Figure 1A ; and see below), different presynaptic cells, we cannot be certain what ), the effects were signifilarge role in the waning of the KA-triggered mIPSC burst in control conditions. cantly weaker (2-to 3-fold maximal enhancement) than the robust increases (more than 8-fold, on average, By contrast, GABA B receptors did not contribute to the decay of KA-triggered mIPSC bursts. mIPSC frequency which itself is an underestimation of the full peak effect; see Experimental Procedures) observed with a similar varied similarly over time whether KA was applied in control conditions or in the continual presence of the KA dose in this study. Whereas there may be fundamental differences between slice and culture preparations, GABA B receptor antagonist CGP55845 (10 M) (Deisz, 1999) ( Figure 2B ). Even in cultures treated with con A, or presynaptic KA receptors may operate differently in the dorsal horn than in other brain regions, the notion CGP55845 had no effect on the time course of KAtriggered mIPSC bursts, a result mimicked when elethat receptor desensitization may limit the effect of KA was not considered in previous studies. Our results do vated extracellular [KCl] was used instead of KA as the supporting a specific role for KA receptors vis-à -vis AMPA receptors in regulating inhibitory transmitter release (see above). We also noted that SYM2081 by itself induced some transient enhancement of mIPSC frequency ( Figure 3A) , consistent with its action as a selective KA receptor agonist.
By contrast, the magnitude of somatic depolarization induced by KA was small and similar in both conditions ( Figures 3B and 3D) ; importantly, within the region of membrane accessible to current clamp, no active depolarization (for instance, mediated by voltage-gated Ca 2ϩ channels) was ever observed during KA application. Because the ability of KA to trigger bursts of mIPSCs did not correlate with its ability to induce somatic depolarization, we conclude that KA receptors responsible for influencing TTX-insensitive GABA/glycine release must reside somewhere electrically distant from the cell body but close to sites of vesicle release -likely on presynaptic terminals. GABA/glycine release. The standard extracellular solution contained 2 mM Ca 2ϩ and 2 mM Mg 2ϩ (see Experimental Procedures). Lowering this Ca 2ϩ to Mg 2ϩ ratio from 2:2 to 1.5:2.5 resulted in a significant reduction in the ability of 10 M KA to evoke mIPSC bursts while leaving background mIPSC frequency unaffected (Figures 5D and 5E). These data suggest that KA-triggered GABA/glycine release, but not spontaneous quantal release, was sensitive to changes in extracellular [Ca 2ϩ ]. To identify a role for voltage-gated Ca 2ϩ channels in mediating the effects of KA, we first applied 50 M CdCl 2 , a concentration sufficient to block voltage-gated Ca 2ϩ currents in cultured dorsal horn neurons (n ϭ 7; data not shown) with little to no effect on the magnitude of KA-induced currents (Huettner et al., 1998) . In this condition, KA was unable to trigger an increase in mIPSC frequency ( Figure 5F ). Whereas the L-type Ca 2ϩ channel antagonist nimodipine had no effect on KA-induced GABA/glycine release, the selective N-type antagonist -conotoxin GVIA and the P/Q-type antagonist -conotoxin MVIIC (which also weakly blocks N-type channels) each partially blocked the phenomenon ( Figure 5F ). These data are consistent with the prevalence of N-and KA was small (Figure 3 )-too small, indeed, to cause detectable activation of voltage-gated Ca 2ϩ channels in the current-clamped portion of the membrane-the magnitude of depolarization in axon terminals could be To distinguish between these models, we first examined larger. At terminals, input resistance is greater than at the ability of KA to enhance mIPSC frequency when the cell body, and KA receptors may be more densely extracellular Na ϩ was replaced entirely by N-methyl-Dexpressed; such factors may underlie the ability of KA glucamine. Although background mIPSC frequency and to cause sufficient terminal depolarization to activate amplitude were similar in this condition compared to presynaptic voltage-gated Ca 2ϩ channels. control, KA no longer enhanced mIPSC frequency (Figures 5A and 5B). This observation suggests that Na abilities of KA to elicit action potential-independent GABA/glycine release and to reduce evoked inhibitory ( Figures 7C and 7D Figures 5D and 5E ) may block the effect of KA on evoked Third, by increasing membrane conductance in axon tertransmission either by reducing GABA B receptor activaminals, KA may cause sufficient electrical shunting to blunt tion or preventing vesicle depletion; however, the latter the effect of an action potential. Fourth, KA-induced explanation is unlikely, as vesicles were not depleted GABA/glycine release may lead to vesicle depletion. even after 20 s of KA exposure (Figure 2A ). Taken toIn the presence of the GABA B receptor antagonist gether, these observations strongly implicate GABA B CGP55845 (10 M), KA no longer affected evoked transautoreceptor activation in KA-induced suppression of mission ( Figures 7A, 7C, and 7D) . Also, baclofen (5 M) inhibitory transmission. Although we did not identify the could both mimic and occlude the effect of KA (Figures downstream targets of GABA B autoreceptors, our data 7C and 7D); in the presence of baclofen, KA had little suggest that these targets include components that are or no effect on the first peak amplitude (85% Ϯ 6% essential for action potential-triggered vesicle release, compared to baclofen alone; n ϭ 7; p ϭ 0.10) or pairedbut not for action potential-independent KA-or KClpulse ratio (110% Ϯ 10%; p ϭ 0.95). Finally, KA was ineffective when the Ca 2ϩ to Mg 2ϩ ratio was lowered triggered release (see above). 
KA Triggers

, unpublished data). hippocampal nerve terminals respond to GABA released
Because primary afferent sensory fibers release glutafrom "third party" neurons (i.e., not necessarily the premate in the vicinity of GABA-and glycine-containing synaptic or postsynaptic cell being studied directly), boutons in the superficial dorsal horn (Ribeiro-da-Silva which undergo depolarization and spontaneous action and Coimbra, 1982; Todd, 1996), we hypothesized that potential firing as a result of somatodendritic (not predorsal root stimulation may activate presynaptic KA resynaptic) KA receptor activation. Although the autoreceptors on spinal interneurons and thereby modulate ceptor pathway may be considered more compelling, inhibitory transmission. Indeed, when a conditioning as it does not invoke spillover of GABA from neighboring stimulus train (50 Hz, 20 pulses) was delivered to the synapses, it is quite possible that in a preparation with dorsal root (Figure 8A ), both the amplitude and the slope many unclamped neurons, both pathways could occur of the rising phase of an IPSP generated 50 ms later by in parallel. Finally, the importance of GABA B receptors local stimulation were reduced relative to the baseline, for KA-induced inhibition of evoked transmission is conunconditioned response (Figures 8B and 8C) . The condisistent with the apparent role for a G protein-mediated tioning train itself triggered no EPSP or IPSP. In the pathway reported previously (Rodriguez-Moreno and presence of CNQX (20 M) instead of SYM2206, condiLerma, 1998).
tioning did not affect IPSPs, suggesting that KA receptor activation was necessary ( Figure 8B ). Furthermore, Synaptic Glutamate Triggers a KA and GABA B conditioning produced no effect in the presence of Receptor-Mediated Suppression of Spinal CGP55845 (10 M) (Figures 8B and 8C) . Thus, in agreeInhibitory Transmission ment with the effects of KA detailed above in cultured We next examined whether these effects of KA receptor activation could be reproduced in a more intact preparaneurons, inhibitory transmission in spinal slices was to exist physiologically, as synaptically-released glutamate was able to suppress spinal inhibitory transmission in a KA and GABA B receptor-dependent fashion. Biphasic effects of presynaptic KA receptor activation on excitatory transmission have also been demonstrated at hippocampal mossy fiber-CA3 synapses ( 
